Endoscopic retrograde cholangiopancreatography (ERCP) with stenosis stenting is the procedure of choice for treatment of malignant biliary obstruction. It has a low failure rate (< 5%-10% in cases of normal anatomy). The traditional alternative is radiological percutaneous drainage with a variable and non-negligible burden of adverse events. Interventional endoscopic ultrasound offers real-time imaging of the bilio-pancreatic district with the possibility of accessing the main biliary duct and the left hepatic duct from the duodenum or stomach. Consequently, endoscopic ultrasound-guided biliary drainage, including the rendezvous technique, choledochoduodenostomy, and/or hepaticogastro or antegrade stenting, has become a realistic option that offers advantages of a faster and cost-saving procedure since it can be performed immediately after ERCP, thus avoiding repeated sessions and prolonged hospital stays. We describe a case of malignant obstruction of the common bile duct that was drained by creation of choledocho-duodenal anastomosis under ultrasound-guided endoscopy.
INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) with stenosis stenting is the procedure of choice for treatment of malignant biliary obstruction. Even though it has a low failure rate, < 5%-10% in cases of normal anatomy. ERCP can be unsuccessful in cases of gastric outlet obstruction or unidentifiable papilla such as duodenal stenosis, post-surgical anatomy, duodenal diverticula, and/or tumor infiltration of the papilla. When ERCP fails, the traditional alternative is percutaneous biliary drainage (PTBD), which has significant morbidity and mortality rates compared with ERCP. Major complication rates after PTBD vary between 0.5% and 2.5%. Major complications include bleeding, surgical site infections, cholangitis, bile leaks, pneumothorax, and catheter dislodgement. Procedure-related mortality is < 2% in most series [1] . Endoscopic ultrasound offers real-time imaging of the bilio-pancreatic district with the possibility of guiding complex procedures, including direct access to the main biliary duct and the left hepatic duct from the stomach or duodenum. For these reasons, endoscopic ultrasound-guided biliary drainage (EUS-BD) has been increasingly investigated, and it has been proposed as an alternative to PTBD if ERCP fails. Since Wiersema et al. [2] reported the first experience of endosonography-guided cholangiopancreatography, and Giovannini et al. [3] described the creation of a choledochoduodenal anastomosis, various EUS-guided procedures for accessing the biliary tree from the duodenum or stomach have been described. Once a biliary duct has been punctured, either the left intrahepatic ducts from the proximal stomach or the main duct from the duodenal bulb, a tract between the biliary tree and visceral lumen is created by a cystotome and a stent is inserted to allow the creation of an anastomosis. Either plastic or, preferably, self-expandable metal stents can be used, the last being fully or partially covered to minimize the risk of bile leakage. More recently, a novel electro-cautery lumen-opposing self-expanding metal stent (Hot AXIOS™ stent and delivery system) that is used to perform EUS-BD (choledocho-duodenal anastomosis) has been developed with the promise to allow faster and safer procedures [4] .
EUS-BD appears to be an effective technique for the treatment of biliary obstruction after unsuccessful ERCP. However, it is a complex procedure, requiring endoscopic and ultrasonographic skills in addition to an interventional radiology and surgical support in order to ensure a safe procedure in case of adverse events. We herein report a case of successful EUS-DB in a patient with malignant obstruction of the common bile duct, with special emphasis on the technical aspects of this approach including a video of the procedure.
CASE REPORT
A 71-year-old male patient with biliary obstruction was referred to our department for tissue sampling and endoscopic biliary stenting with the view of further oncological therapy. An abdominal computed tomography (CT) scan showed multiple abdominal adenopathies and pathological tissue involving the hepatic hilum and the pancreatic head with dilation of the main biliary tract and minimal dilation of the intrahepatic biliary tree. After multidisciplinary tumor board evaluation and discussion of the therapeutic options with the patient including the informed consent, he was scheduled for endoscopic drainage. Endoscopy was carried out under deep sedation with midazolam and propofol. During endoscopic exploration, malignant infiltration of the second portion of the duodenum was evidenced, which hindered the procedure after a few ERCP attempts (TJF-240; Olympus Medical Systems, Tokyo, Japan). A stepwise approach was planned during the same endoscopic session. After prophylactic antibiotic therapy was administered (ceftriaxone 2 g), a EUS-guided rendezvous was performed with access from the duodenal bulb to the main biliary tract. A 0.025-inch guidewire (VisiGlide II; Olympus Medical Systems, Tokyo, Japan) was passed across the papilla through a 19G needle (EchoTip® Ultra HD Ultrasound Access Needle, Cook Medical, Limerick, Ireland), up to the duodenum. Wire capture via a snare passed through the duodenoscope was unsuccessful due to the difficult duodenal access, and after a few attempts the guidewire had to be retrieved [ Figure  1A and B]. As a second option, EUS-BD from the duodenal bulb was chosen. A linear echoendoscope with a 3.7-mm working channel (GF-UCT180 Linear Ultrasound Endoscope, Olympus Medical Systems, Tokyo, Japan), connected to an ultrasonographic processor (EU ME2, Olympus Medical Systems, Tokyo, Japan) was used to visualize the main biliary tract from the duodenal bulb. Color Doppler ultrasound was used to assess the local vascularization. The common bile duct was punctured with a 19-gauge needle (EchoTip® Ultra HD Ultrasound Access Needle, Cook Medical, Limerick, Ireland). Under fluoroscopic guidance, the bile was aspirated and iodine contrast medium was injected in order to delineate the bili-ary tree. A 0.025-inch guidewire was passed through the 19G needle that was positioned in the common bile duct, and the 19-gauge needle was then exchanged with a 6Fr cystotome (Endoflex, Voerde, Germany), which was activated to create a communication between both visceral lumens. A 4-mm biliary dilation balloon (MaxForce™ Biliary Balloon Dilatation Catheter, Boston Scientific, Marlborough, USA) was used to dilate the tract and subsequently a preloaded (delivery catheter: 8.5 Fr/2.83 mm) fully covered 60 mm × 10 mm self-expandable metal stent (Biliary RX Fully Covered Stent System RMV, Boston Scientific, Marlborough, USA) was easily inserted leading to satisfactory drainage. As a further measure to avoid bile leakage and set the metal stent in a stable position, a double pig-tail plastic stent 50 mm × 7 Fr (Advanix™ Biliary Stents, Boston Scientific, Marlborough, USA) was inserted along the conduit between the biliary and gastrointestinal tract [Video 1]. The patient had an uneventful recovery and the jaundice improved rapidly. He received chemotherapy for a high-grade B-cell lymphoma diagnosed on duodenal biopsies. A CT-scan performed one month later confirmed the correct position of both stents [ Figure 2 ].
DISCUSSION
In patients with jaundice due to malignant obstruction, EUS-BD has been studied in recent years as an alternative to PTBD after failed ERCP. In 2001, Giovannini et al. [3] were the first to report the creation of a bilioduodenal anastomosis under ultrasonographic guidance in a patient with pancreatic head cancer. Since then, experience has expanded, and various EUS-guided procedures for biliary tract diseases have been reported, including EUS-guided rendezvous choledochoduodenostomy, hepaticogastrostomy, and antegrade stent insertion [5] [6] [7] [8] [9] [10] . Nowadays, ERCP and EUS-BD have similar success and complication rates in experienced hands, with a lower post-procedural pancreatitis rate after EUS-BD. Furthermore, recent studies have shown that EUS-BD is associated with better clinical success rates, lower adverse events rates, and fewer reinterventions than PTBD [11] . A study by Dhir et al. [7] showed an average incidence of bile leaks of 3.9% in 432 patients; where most of the leaks were mild. Serious complications, such as stent migrations in the peritoneal cavity, sepsis, and perforations have rarely been described. Data on long-term stent patency are scant, but do not seem to differ significantly to that of ERCP stenting [7] . With regards to the access route, transgastric and transduodenal endoscopic approaches have similar success rates and complications, of more than 90% and around 20% respectively [12] [13] [14] [15] [16] . As a matter of fact, the access route is often determined more by the endoscopist's expertise or preference than by evidence-based indications. The transhepatic route through the stomach offers the advantage of a reduced bile leakage risk although the scope position is less stable, whereas the transduodenal route appears easier to manage because of direct access to the main biliary duct. In 2016, Tyberg et al. [17] proposed an interesting approach to biliary drainage based on the anatomical condition of the patient as defined on cross-sectional Figure 1 . (A) Rendez-vous attempt from the duodenal bulb. The wire was positioned through the papilla, but it could not be retrieved because of the duodenal stenosis. After a few attempts the wire had to be retracted as it can be seen in the stomach (B) A B
imaging. The authors defined an algorithm based on anatomy more than on the endoscopist's preference, so it required good technical experience with respect to different drainage procedures, which could also be applied in a sequential manner. Notably, they reported a high technical success rate (96%) with a low rate of adverse events (10%). In accordance with Tyberg's alghorithm, the first element to be evaluated is intrahepatic bile ducts dilation. If dilation is noted, anterograde stenting or hepatico-gastric drainage are suggested. If intrahpeatic ducts are not dilated, a rendezvous-based technique (from the intrahepatic or extrahepatic tract) is suggested. If this fails, transenteric stenting is still feasible. This interesting algorithm standardizes the EUS-BD approach for patients with biliary obstruction.
EUS-BD offers some clear advantages over ERCP. First, it does not require papillary cannulation, which carries out a risk of post-ERCP pancreatitis. Second, it allows creation of an anastomosis at a distance from the tumor, thus avoiding the risk of ingrowth or overgrowth with consequent stent dysfunction. Furthermore, EUS-BD can target different sites of the biliary tree, thus allowing drainage also in unfavorable situations both for ERCP, such as gastric outlet obstruction or post-surgical anatomy, and for PTBD such as ascites or liver lesions [18] . In comparison with PTBD, EUS-BD appears to be faster and more costsaving, since the procedure can be performed immediately after ERCP, thus avoiding repeated procedures and prolonged hospital stays [19] [20] [21] . On the other hand, performing this type of biliary recanalization may hamper endobiliary ablation, a technique used to control endobiliary tumor growth, and this may be a disadvantage of the EUS-BD technique. However, trans-luminal EUS-guided radiofrequency ablation by specifically designed active needles (such as EUSRA™ RF Electrode-VIVA RF Generator, STARmed, Seoul, Korea or Habib™ EUS-RFA catheter, Emcision Ltd., London, UK) is feasible and probably facilitated by the absence of a standard biliary stent in the tract involved by a pancreatic tumor [22, 23] .
In conclusion, even though we are still far from routine use of EUS-BD in common practice, it has been shown as a feasible and promising alternative to PTBD after failed ERCP. More emphasis on routine use of these procedures will come from recent development of dedicated accessories in addition to diffusion among endoscopists of the knowledge and practice of advanced ultrasonographic procedures.
